Abstract: Nanowires and nanotubes of diverse material compositions, properties and/or functions have been produced or fabricated through various bottom-up or top-down approaches. These nanowires or nanotubes have also been utilized as potential building blocks for functional nanodevices. The key for the integration of those nanowire or nanotube based devices is to assemble these one dimensional nanomaterials to specific locations using techniques that are highly controllable and scalable. Ideally such techniques should enable assembly of highly uniform nanowire/nanotube arrays with precise control of density, location, dimension or even material types of nanowires/nanotubes. Numerous assembly techniques are being developed that can quickly align and assemble large quantities of one type or multiple types of nanowires through parallel processes, including flow-assisted alignment, Langmuir-Blodgett assembly, bubble-blown technique, electric/magnetic-field directed assembly, contact/roll printing, knocking-down, etc.. With these assembling techniques, applications of nanowire/nanotube based devices such as flexible electronics and sensors have been demonstrated. This paper delivers an overall review of directed nanowire/nanotube assembling approaches and analyzes advantages and limitations of each method. The future research directions have also been discussed.
Introduction
One dimensional nanomaterials such as nanowires (NWs) and nanotubes (NTs) can now be synthesized with bottom-up approaches with high throughput and precise control of material properties, such as their shape, dimension, atomic composition, doping concentration, elasticity, hydrophobicity, etc.. Also, a wide range of those NW/NT-based devices such as field effect transistors, single virus detectors, photo-detectors, and chemical/biological sensors have been demonstrated with superior performance.
Briefly, NW/NT devices are usually fabricated in such a process: NW/NTs are firstly made by synthetic methods such as solution growth or chemical vapor deposition or sometimes NWs are fabricated using top-down approaches like nanofabrication techniques; NW/NTs are normally dispersed in a solution and then placed onto a device substrate under specific assembling mechanism; those assembling mechanisms will align the NWs and drive NWs to defined locations. For NW/NT assembly, the orientation and interspacing of NW/NTs over large area are essential parameters for nanodevices to be logically functional. Thereafter, a photo-or electron-beam lithography process is applied to pattern metallic electrodes to contact the assembled NW/NTs, thus the NW/NTs can be integrated into electronic, optical and/or electromechanical nanodevices. As we see, the assembly technique is one of the key processes for the fabrication of powerful nanodevices. Since reliability, cost and productivity determine potential of commercialization of NW/NT based nanodevices, a reliable, low-cost and efficient assembly method, which is capable of NW/NT assembly with reasonable alignment, density, uniformity and even selective control of NW/NT types, is essential for the prosperity of nanodevices, as well as for the overall success of fast growing nanotechnologies.
Till now, researchers have developed a variety of NW/NT assembly methods for different substrates, which can generally be categorized as two strategies [1] [2] [3] [4] [5] [6] [7] [8] [9] : (1) Alignment-after-Growth, which means, the NWs are assembled on substrates after synthesis; (2) Alignment-during-growth, which means, the NWs are directly assembled and aligned during the process of synthesis. For example, by pre-defining the locations of catalyst and growth space of the NWs [10] [11] [12] [13] , applying electric field in the seeded growth system [14] [15] , applying directional air flow in the growth system [16] [17] , or directly on a surface based on physical atomic structures [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , by electrospinning [29] [30] [31] , or superaligning [32] [33] , NWs can be aligned as grown simultaneously. However, these approaches are limited to only a few types of materials and relatively simple structures, and the uniformity of the grown NWs is hard to control. While the Alignment-after-Growth approaches can manipulate NWs as individual objects and assemble them into complex architectures, and put no limitations on NW/NT materials, so are more flexible and recommendable for fabrication of nanodevices.
In this review article, we will summarize the stateof-art research progress on the first strategy mentioned above: Alignment-after-Growth assembly techniques. Basically there are several factors for evaluating an assembly technique: simplicity, reliability, cost, yield, its limitation on the choice of NW material, applicability to flexible and curved substrates, ability to simultaneously assemble multiple types of NWs, etc. Each method will be discussed based on those factors, and the future research efforts will be recommended.
Assembly-After-Growth Approaches
Most alignment-after-growth approaches are carried out in a specific solution, and during the assembly process the liquid acts as a carrier as well as a lubricant. The NWs are mobile in solution of the assembly system, and the assembly processes often take place on smooth substrate surfaces. Generally, NWs after some particularly surface modification can be well dispersed in a solution. The concentration of NWs could be readily adjusted through condensation or dilution of the NW suspension. If the NW suspension is cast onto a substrate, by chance, some NWs will settle down to the substrate surface but randomly. The adhering strength between the NWs and the substrate is determined by the physical and/or chemical interactions between them, and can be enhanced through means taking advantage of van der Waals forces, hydrophobic force or hydrogen bonding interactions. Meanwhile, if some type of driving mechanism is added to enhance the assembly process, for example, shear forces, or electric or magnetic forces, the depositing NWs will likely adopt the orientation of the external force and thus become aligned while residing onto the substrate.
Intermolecular-Force-Driven assembly
Intermolecular-force could be applied to intensify the adhesion between the assembled NWs and the substrate. These approaches is all based on biomolecular recognitions including the hybridization of deoxyribonucleic acid (DNA), and protein-protein like antibody-antigen and DNA-protein interactions to form double helix DNA, or protein-protein or DNA-protein complexes [34] [35] [36] [37] . For example, a single-stranded DNA can only bind to its complementary DNA strand, and an antibody can only bind to its specific antigen. In either way, the NWs and the substrate are linked to a part of complimentary structures respectively, and the NWs are bound to the substrate through the formation of the complex when the complementary surfaces of two biomolecules are brought into contact in the assembly solution, which therefore realize the directed assembly of nanostructures [34] [35] [36] .
Biorecognition is an effective means to drive the assembly of NW/NTs by intermolecular-forces between two complementary biomolecules. It is simple and can be easily adapted to many types of materials, but is difficult for this technique to direct the orientation of alignment of the NW/NTs during the assembly process, which means, assembled NW/NTs may exhibit in random directions. To improve the alignment, one way efficient is to combine this technique with other assembly techniques such as micro-fluidic assembly, contact printing, electric or magnetic field assembly. A further disadvantage is the reliance of this technique on the integrity of the bio-molecules and biological environment used in the experiment, which increases the complexity and fragility of the assembly process and therefore reduces its robustness. For example, biomolecules can easily denature when pH value or temperature of the solution change, losing ability for assembly.
Molecular-Electrostatic-Interaction-Driven Assembly
Assembly of NW/NTs can also be driven by electrostatic interactions [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . These interactions rely on either the inherent or induced polarity of these nanomaterials or a surface modification of these nanomaterials to adopt a specific charge. The working mechanism of electrostatically-actuated NWs assembly is illustrated in Fig. 1 . When the patterned substrate is put in a NW containing solution, the electric interactions between the charged NWs and substrate lead the attachment and alignment of NWs on the charged regions of the substrate, as shown in Fig. 1 and Fig. 2 . The narrow charged space confines the orientation of the deposited NWs.
To add charges to a substrate, there are many chemical or physical means available. For example, silicon oxide can be slightly negatively charged at pH = 7 in DI water due to the hydroxyl groups (-OH), which can attract NWs coated with amine-terminated molecules exposing positive charges [38] . Silicon oxide surface can also be treated to carry positive charges. A more general method, modification of SiO 2 can be achieved by silane coupling agent. The silane coupling agent can react with -OH group by hydrolysis reaction. The silane molecule can be cationic, anionic, or nonionic. In the study of Heo and the co-workers [39] , methylterminated SAM (self-assembled monolayers) molecules were selectively patterned on silica substrate, working as neutral regions. The bare silica surface was then modified with positive charges, ready to receive to NW depositions, as shown in Fig. 1(a) . As a result, the binding sites for NWs to reside on are pre-defined. If the binding site is narrow enough, it will be able to attract only single NWs, as shown in Fig. 2(d) . And an interesting and important feature is that, the NWs are always adsorbed and focused onto the central area of the binding site [39] (Fig. 2(d) ). In the study of Kang and the co-workers [40] , they found that field effect by an external electric field can facilitate assembly of a large quantity of NWs. In addition, as the dipping time of the substrate in the NW solution increases, the NWs attracted to corresponding binding sites increases, as summarized in Fig. 2(c) . To summarize this technique, the most advantageous merit of this method is that it allows researchers to design arbitrary-shaped patterns of SiNWs using only conventional microfabrication techniques (Fig. 2(e) ). Clearly the disadvantage of this method is that the surface property of most types of NWs has to be modified before being applicable in this technique. Furthermore this technique also has no precise control over the alignment of the NWs during the assembly process. [39] .
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Assembly within Magnetic Fields
Magnetic field is also commonly used for manipulation of nanoscale objects. Here it can be used to guide the alignment of magnetic NWs suspended within a solution or sit on a surface as well (Fig. 3 ). However this technique is limited to the assembly of NWs composed of ferromagnetic and/or superparamagnetic materials [48] [49] [50] [51] [52] [53] [54] [55] . The process of assembly can be directed by external magnetic fields, as shown in Fig. 3(a) . The control over the uniformity, alignment and positioning of the assembled patterns of NWs is week because the accuracy of the magnetic field is hard to control. To overcome this technical difficulty, NWs can be better controlled if magnets are precisely incorporated onto proper position of the substrate (e.g. attaching or patterning magnets onto the substrate). Simulation of magnetic field will help in this regard.
NWs assembled onto the substrates by magnetic field will often form long chain-like structures approximately along the magnetic field lines, and those NWs are likely physically in contact and probably electrically connected ( Fig. 3(b) ), which is very difficult or even impossible for other assembly techniques. In addition, the assembly of NWs into crossed-wire configurations and assembly of NWs into three-dimensional hierarchical structures are all possible via multi-steps of magneticfield driven assembly and re-arrangement of magnets positioned beneath the substrate, changing the direction of magnetic field ( Fig. 3 (c)(d)). A major limitation of this technique is that the NWs being assembled must respond to the external magnetic field, greatly limiting eligible materials of NWs for this method. Alternatively, one can use magnetic fluids to assist the assembly of non-magnetic NWs that suspended in the magnetic liquid [3] . In this case, flow control of magnetic fluids by external magnetic fluids is delicate and sophisticated. Another disadvantage is that precision and resolution of control of magnetic field is not sufficient. The future direction may include patterning magnetic materials on the substrate to have a better definition of magnetic fields, or patterning an inductor array to generate the well-defined magnetic fields.
Assembly within Electric Fields by Dielectrophoresis
Electric field can direct the alignment of polarized NWs suspended within a solution (Fig. 4) by dielectrophoresis (DEP) . It is an efficient process that can be applied to a wide range of NW materials (e.g., metals and semiconductors) and getting more and more popular in NW assembly. Theoretical background of DEP, or how dielectric materials behave in an applied electric field, can be learned in these good references [56] [57] [58] . Briefly, the electric field induces charge separation on the NWs, also called polarization. And the resulting polarization generates a dipole moment, which tunes the NWs to an orientation and location due to the system energy minimization. DEP usually occurs at the vicinity region of the electrode fingers, resulting in alignment of the NWs bridging a working pair of two electrode fingers, shown in Fig. 4(a) , which also depends on the field lines and their shape as well as the field strength and gradient of the field strength. In other words, NWs align and move to reach a minimum system energy configuration within the applied electric field, i.e., parallel to the field lines. Although both DC and AC electric fields can be utilized to generate DEP, AC fields are more preferred in order to suppress undesired electrochemical interactions and/or reaction at the electrodes' surfaces, to reduce electrophoretic motion due to the NWs' electric charge, and to weaken the joule heat effect by DC current. The alignment result depends on the electric voltage and frequency of AC, as well as configurations and patterns of the electrodes. [79] . (Reprinted with permission from [79] .
2010 Nature Publishing Group). (d) RhNW resonator arrays of single NWs positioned at predefined locations on the chip, the scale bars is 20 µm [81] . (Reprinted with permission from [81] .
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NWs have been assembled using DEP as an ensemble of large quantity of NWs in high NW concentrations [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] or as individual entities for single NW alignment [59] [60] [61] [72] [73] [74] . For example, C. Chen [71] fabricated and integrated single-wall carbon nanotubes (SWCNTs) using DEP assembly, as shown in Fig. 4(b) , where multiple SWCNTs are located over one pair of working electrodes. By decreasing electrode size and choosing proper NW concentration, applied voltage and AC frequency skillfully, E. M. Freer [79] and M. Li [81] assembled large amounts of NWs in a single-NW-per-electrode manner where only one NW assembled on one pair of working electrode, as shown in Fig. 4(c) and (d) . The highest yield of NW assembly reported is up to 98.5% [79] , which already meets the industry requirement for mass production of electronics.
The DEP-driven process is quite scalable and flexible, which is so far probably the most industrially applicable method, since it can be implemented over almost any substrate sizes, and assembled NWs can be numerous while only one NW crossing over a single pair of electrodes, based on DEP assembly's self-limiting features. This technique is so far the most reliable and controllable method for mass production of NW/NT based nanodevices. People may challenge the necessity of patterning electrodes and applying voltage to direct the assembly process in this method, which may limit some of its applications. However, if one can incorporate the purpose of electrodes for DEP with the circuit design of the final devices, there is no additional cost raised by this method. Potential problems include suspended NWs may form bundles either during or after DEP assembly. In addition, there is possibility that the electrodes and NWs may be burnt out when the gap between two electrodes is bridged and at the same time a large current passes through. However this may lead another interesting application of NW based devices, nano-fuses. NWs of low resistance can be integrated into nanodevices to provide overcurrent protection.
Shear-Force-Driven NW Alignment
Shear force, associated with a flow and generated by the relative motion of a liquid and a solid object, can be the driving force for NW alignment. Flow can be achieved by a number of means, such as pressure, temperature difference, surface tension of capillary force etc. . In these flows, shear force is parallel to the direction of flow movement. This force can redirect the orientation of NWs that are either suspended in a solution or attached to a surface. The new orientation of the majority of NWs is nearly in parallel to or within a small deviation of the direction of the shear force. 
Assembly by Shear Forces in a Fluid
Confining the flow to a microchannel or a pre-defined orientation by surface energy can establish a unidirectional shear force that can been used to align NWs (Fig. 5) [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] . The suspended NWs move in the flow direction and align along the direction of shear force. Some of them finally reside onto the surface and adopt the orientation parallel to the direction of shear force. For example, if the assembly process takes place in a solution in a microchannel, the density of deposited NWs can be controlled by changing the concentration of NWs within the suspended liquid, flow rate and flow duration, while the location, orientation and size of the assembled NWs are predefined or controlled to some extent by the microchannel. Repeating this process after realigning the microfluidic channel to other predefined directions can create layer-by-layer assemblies of NWs with desired patterns and three-dimensional architectures. Subsequent steps of NW deposition needs carefulness when realigning the microfluidic channel and the control of flow rates because which may disturb and/or reorient NWs deposited on the substrate during the previous steps of assembly processes. One approach combining effects of shear force of fluid flow and hydrodynamic focusing [99, 100] is a recent advance in this method. With the help of the hydrodynamic fo-cusing mechanism, the important NW array characteristics, such as its location, density, and dimension, can all be readily controlled by adjusting the flow rates of the sheath flows and the focusing flow. This method also has no limit in the choice of NW materials.
The fluidic shear force driven assembly techniques are quite simple and economic. Future research may include controlling the NWs' location along the flow direction, by adding other available mechanisms inside the microchannel such as patterning with specific charge or hydrophobicity.
Assembly by Blown Bubble Films (BBF)
In this approach, NWs are aligned at the interface among the NWs, the bubble film, and the substrate, not in a solution as the most abovementioned methods [101, 102] . The driving shear force, also a surface tension force, originates from liquid evaporation at the liquid-air interface. The basic steps in the BBF approach (Fig. 6) are: (i) preparation of a polymer blend with homogeneous, stable and controlled concentration of NW suspension, (ii) blowing the polymer-nanowire mixture using a circular die to form a bubble with control of pressure and expansion rate to get the desired size and shape, (iii) transfer of the bubble film onto a substrate or multiple substrates for NW deposition. The NWs in the bubble film are all well-aligned, so they will remain aligned as well after assembly on the substrate. This approach can assemble NWs over large scales such as wafer scales, and the assembled NW density could be controlled by the NW concentration in the polymer suspension. It is a simple, low-cost and versatile method that can be applied to nearly all types of substrates such as curved or soft substrate. However challenges remain for this technique in control of distribution and density of NWs on the bubble surface, the position of NWs to be deposited onto the substrate. In addition, an unwanted polymer coating may be introduced to the NW surface. 
Assembly by LB Technique and LS Technique
Langmuir-Blodgett (LB) technique and LangmuirSchaefer (LS) techniques can also be applied to assemble high-density NW arrays [97, [103] [104] [105] [106] [107] [108] [109] [110] , and they are also approaches that originate from interfacial shear forces, or surface tension, the same as the BBF method. In LB and LS approaches, NWs suspended at an airliquid interface can be assembled into a dense singlelayer film through compression within an LB or LS trough (Fig. 7(a) ). During compression, the NWs within the thin film are tightly packed as one layer of NWs in order to minimize the total energy of the system. Dip coating is a typical means to transfer the NWs floating at the air-liquid interface onto a solid substrate (Fig. 7(b) ). The NWs can adhere to the substrate through various interactions or their combination such as van der Waals, hydrophobic or hydrophilic, chemical bonds, shear force or electrostatic interactions as the substrate is withdrawn or pushed down in a vertical direction (LB technique) or in a horizontal direction (LS technique) from the layer of compressed NWs (Fig. 7(c) ).
During the withdrawing or immersing process, as the solvent front line recedes from or advances on the surface of the substrate, a shear force or capillary force is also created along the air-liquid-substrate interface, which helps alignment of the NWs approximately in the direction of the force, as shown in Fig. 8(a) . The density of the deposited NWs depends on the speed of withdrawing from or immersing the substrate into the liquid trough, concentration of NWs, surface tension, and the pressure applied to compress the assembly within the trough. Both LB and LS techniques are quite scalable, which can be applicable to substrates with various sizes. In addition, with surface modification, these assembly processes by LB and LS technique can be applied to a wide variety of substrates of different surface properties. Multiscale or layer-by-layer structures can also be created by repeating the assembly process. For example, crossed NW layers can be obtained after changing the orientation of the substrate and repeating the NW transferring process, as shown in Fig. 8(b) . Crossed NW arrays may be further created by photolithographically patterning and chemically removing the unwanted regions of NWs. The remaining NW arrays are ready for subsequent device fabrication, as shown in Fig. 8(c) .
One of limitations of LB technique for NW assembly is reorganization and even reorientation of the NWs during dip coating or down-tripping process that may lead to squeezing or overlapping of NWs within the dense arrays of NWs. In some case, two ends of NWs are synthesized or later modified with hydrophobic and hydrophilic surfaces respectively, where the assembly occurs during the withdrawing process. In such case, NWs vertically float at the liquid-air interface, and NW squeezing or re-organization will not be a concern. LS technique prevents the reorganization and reorientation of NWs observed in LB technique because LS approach is to harvest NWs horizontally across the receiving substrate [103] . However, in both methods, the NW orientation is not perfectly uniform, and distribution of NWs on the substrate is hard to control.
Assembly by Contact Printing
Assembly by contact printing is a process transferring NWs from a NW grown substrate or NW harvesting stamp to a receiving substrate by mechanical printing. The relative mechanical movement of two solid surfaces can also generate a shear force between them, which can laid down the vertically grown NWs into an assembled array with an orientation parallel to the direction of the applied force or the direction of sliding [111] [112] [113] [114] [115] [116] [117] [118] [119] . The contact printing is a 'dry' process, which is suitable for assembly of vertically grown NWs by chemical vapor method. In this process, a forest of NWs is firstly grown on a 'donor' substrate, then the donor substrate slides on or a transfer roller rolls on top of a receiver chip that has been photolithographically patterned with photoresist, as shown in Fig. 9(a) . Stripping off the photoresist, NW pattern is left on the substrate. In this process, when sliding the donor substrate on the receiver substrate, NWs are broken, detached from the donor substrate, laid down by the shear force, and finally anchored on the receiver substrate by the van der Waals or hydrophobic interactions, resulting in the direct transfer of aligned NWs to the receiver chip [111] . Later after removal of pre-coated photoresist, applying new photoresist and doing photolithography will enable the further patterning of NWs, from very dense NW layers to detached NWs arrays, as shown in Fig. 9(b)-(c) . NWs with an orthogonally crossed configuration can be achieved by repeating the contact printing or stamping process in two orthogonal directions (Fig. 9(d)-(e) ). A further step of photolithography patterning can also apply.
This assembly technique is feasible for dry-grown NWs, and can be scaled-up for high throughput NW assembly and wafer level production of NW based devices. In this method, the pre-patterning of the receiver substrate ensures that the position of assembled NW arrays can be precisely controlled, as shown in Fig. 9(b) -(c), which is very beneficial for later electrode registration and device fabrication. A limitation is that, when transferring NWs from the donor substrate to the receiver substrate, NWs will break but the breaking point is random which results in a large variation of the length of NWs on the device substrate being transferred. And the balance of shear force and other interacting forces for transfer should be controlled tactically during the (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) DODAB [103] . (Reprinted with permission from [103] 2008 IOP Publishing Ltd.).
(a) (b) (c) Fig. 8 (a) Silver NW monolayer deposited on a silicon wafer by LB technique [104] . (Reprinted with permission from [104] .
2003 American Chemical Society). (b) Crossed SiNWs deposited uniformly on a substrate by repeating LB assembling process in perpendicular directions [105] . (Reprinted with permission from [105] .
2003 American Chemical Society). (c) Patterned crossed SiNW arrays by photolithography followed by etching [105] . The scale bars in the figures are respectively 1 µm, 50 µm and 10 µm. (Reprinted with permission from [105] .
2003 American Chemical Society). contact process. Another drawback is that the density of NW is hard to control and overlapping of NWs cannot be avoided.
Assembly by Knocking-down Technique
Knocking-down is also a 'dry' assembly process, sharing some similarity with the contact printing process. The most attractive advantage of this technique is that it can control the density, location, orientation and dimension of the NWs, which is challenging to other techniques and makes it quite promising. The method, as depicted in Fig. 10 , consists of two main steps, (i) an array of vertical SiNWs was firstly fabricated by top-down approach, in contrast to bottom-up NW growing approach. This approach consists of typical nanofabrication processes including DRIE (deep reactive ion etching) sculpting on SOI wafers. The vertical NW array was ordered precisely in a good control of its location, density and dimension. (ii) Followed is the so-called 'knocking down' process, a planarization step of the vertical NWs, where the vertical NW array is pushed down by an appropriate elastomer-covered rigid-roller device [120] .
This method is highly scalable, applicable to large size of substrates up to 10 cm 2 or larger area. Significantly high yield of 98% has been achieved in this study. Compared to the 'dry transfer or contact printing' approaches, the knocking-down method does not need a donor or transfer substrate, and all NWs were broken at the root, leading to small variation of NW length. As a result, the assembled NWs are highly uniform, which is a remarkable advantage over other assembly methods. And this method is capable of controlling almost all possible array parameters, i.e., NW diameter and length, the number of NWs, NW density, NW position and orientation. And because of the highly defined position and length of the NW elements in this method, subsequently contact electrodes and connecting circuit can be easily created by lithography with predefined mask(s) achieving full control over the number of NWs in each device and in a high yield of wafer-scale production. In most abovementioned techniques, if not all, successful placement of NWs between the pre-fabricated or after-fabricated contact electrodes requires good luck, which results in low reproducibility and reliability. In spite of its numerous advantages, disadvantages of this approach include that this method is limited to materials that is compatible with the nanofabrication process like the DRIE technique, or other NW materials that can be grown vertically, and this approach cannot assemble multiple types of NWs, or complex NW array configurations. Although e-beam or nano-imprint lithography was suggested in the paper, nanofabrication of NWs is indeed costly and time-consuming. However this method cannot take advantage of synthetic nanomaterials with versatile functions, which is the beauty of NW based device. 
Assembly of Multiple Types of NWs
Many applications, for example, multibiomarker detection for biosensing, highly integrated opto-electromechanical nanosystems, require integration of different morphologies and types of NWs on a single chip. However, till now there is very little research on this topic. Xiang and the co-workers reported a multicontact design for the growth of multiple horizontal NW arrays [121] . Though not an Alignment-after-Growth approach, it is still worth mentioning since it may open up new research interest for assembly of nanodevice.
In their multicontact design, each contact with various size is electrically separated from each other by physical distances, enabling their individual anodization for growing different types of NWs. Thus, individual contacts would contain various nanopore morphologies, i.e., different pore diameters and different interpore distances, nanopore channels of different aspect ratios, etc.. Subsequently, the anodic pores were filled with various metals and semiconductors as catalysts by electrodeposition, such as gold, copper, cobalt, nickel and tellurium NWs, as shown in Fig. 11 , thus a configuration including multiple types of NWs was created via chemical vapor deposition.
The multicontact design has established a novel platform enabling synthesis of multiple types of NWs on a single chip, which are individually, separately and independently addressable on the single chip. This is method opens up a route for assembly of multifunctional devices or systems. With semiconductor NWs, such as silicon or germanium, the multi-contact design offers the potential to create multiplex NW field-effect sensing devices and transistors, maybe solar cells as well. Although this approach is effective and reproducible, it is indeed quite complex and hard to control. And the NWs actually are grown at the edge of the chip, which are not easy to put into complicated three-dimensional architectures of nanodevices.
Till now recent advances in technologies for assembling single or multiple types of NWs have been generally reviewed in this paper. It should be noted that although most of the techniques reviewed here are for assembling NWs, these methods can be generally applied to other one-dimensional nanomaterials, such as nanotubes, nanorods, nanofibres, and nanobelts. And whether an ohmic contact can be established between the NWs and later relating electrodes is also an important factor to judge the feasibility of an assembly technique. Every method has its own pros and cons, special characteristics and unique advantages. To improve the alignment, efficiency, yield and positioning, different techniques may be combined together, such as shear force with hydrodynamic focusing [99, 100] , electrostatic and magnetic field assembly [54] , contact printing with strain force release on stretchable substrate [118, 119] . Envisaging the challenges and opportunities in this field, we should applaud the community of the researchers for their great progress, and more effort is expected to forward this technology towards more applications and demonstrations of nanotechnologies.
Conclusion
Ultimately an ideal assembly process would be costeffective, reliable and able to direct the assembly of many NWs of different materials in parallel over a large area on a wide variety of substrates, as well as being able to manipulate and position single or a large group of NWs of different materials, shapes and sizes. To select a feasible approach, one has to consider the specific application circumstances. Future research will focus on how to improve the process reproducibility and reliability, on the exploration of additional NWs with more compositions, on planar or non-planar plastic, metal or glass substrates, and also, the application of the ordered NW arrays in various electronic, optoelectronic and biosensing applications. 
